Objectives: Cognitive dysfunction is a key feature of bipolar disorder (BD). However, not much is known about its temporal stability, as some studies have demonstrated a neurodegenerative model in BD while others have shown no change in cognitive functioning over time. Building upon our prior work, which examined the natural course of executive functioning, the current study aimed to investigate the natural course of memory, emotion processing, and fine motor dexterity over a 5-year period in BD and healthy control (HC) samples.
| INTRODUCTION
Cognitive dysfunction is considered a core feature of bipolar disorder (BD) that is apparent during acute mood states as well as during periods of euthymia. [1] [2] [3] [4] [5] However, the temporal stability of this cognitive dysfunction is less clear, as few longitudinal studies have found consistent results. Several studies have shown progressive decline in functioning, 6-8 supporting a neurodegenerative model in BD, whereas others have shown no change in cognitive functioning over time. [9] [10] [11] [12] [13] [14] In a cross-sectional study we conducted in 2013, using a large sample of individuals with BD, we found that those with BD performed worse than unaffected healthy controls (HCs) in four different areas of executive functioning, 4, 15 consistent with prior literature. 16, 17 In the 5-year follow-up of the same cohort, the linear change on measures of executive functioning among those with BD was no different from the change for HCs. 15 This suggests that the longitudinal course of executive functioning may not be dependent on having a BD diagnosis.
Further, these results were interpreted to suggest that the executive functioning deficits in BD are not age-accelerated, age-compounded, or neurodegenerative, extending earlier work using smaller samples. 1, 18, 19 We extend our prior work 15 by now investigating other areas of cognition commonly known to be deficient in BD, notably the areas of memory, emotion processing, and fine motor dexterity. These cognitive areas, particularly memory, may be more appropriate to examine in order to determine disease-related progressive change, as one longitudinal study found that memory was the only cognitive area subject to change over time in BD. 3 Therefore, our main objective was to examine the longitudinal trajectory of verbal and visual memory, emotion processing, and fine motor dexterity over 5 years in a large sample of individuals with BD who were being followed in the Prechter Longitudinal Study of BD. 4, 20 Similar to our prior work, 15 we used a statistical approach, latent growth curve modeling (LGCM), that offers many advantages over traditional methods for longitudinal analyses 21 in that it can examine nonlinear relationships in cognitive change, correlate measurement errors related to each cognitive variable over time, correlate trajectories with each other, and account for any missing data. Consistent with our prior findings and those of others, we hypothesized that memory, emotion processing, and fine motor dexterity would be systematically worse in the BD group as compared to the HC group at baseline (study entry). Further, based on similar trajectories of executive functioning across 5 years in this sample, 15 we expected there would be similar linear changes in memory, emotion processing, and fine motor dexterity over 5 years, indicating that these cognitive deficits in BD are likely not age-accelerated, agecompounded, or neurodegenerative. are presented in our prior work. 15 Overall there were no differences T A B L E 1 Demographic characteristics and cognitive performance factor scores for the bipolar and healthy control groups. Table S1 (under "completers") but are also in prior published work. 15 However, these variables could not be included in the main LGCM analyses, as the present study aimed to examine how a BD diagnosis, compared to HCs, affects changes in cognitive performance over time.
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| MATERIALS AND METHODS
| Subjects
| Neuropsychological assessment
A neuropsychological test battery, akin to our previously published work, 4, 20 was administered. Trained staff administered the neuropsychological tasks at study baseline, and 1 and 5 years after study entry. Accordant with our previous work 20, 37 and due to the large number of variables within the neuropsychological tests, we used standard data reduction techniques (principal axis factor analysis) to reduce the tests using conceptually and theoretically categorized variables. [38] [39] [40] [41] First, all scores with negative scale properties were inverted; as a result, lower factor scores reflect poorer performance. Second, a confirmatory factor analysis with oblique rotation was computed with the above variables, consistent with our prior study. 20 The four latent factors were auditory memory (verbal learning and memory), visual memory (visuospatial memory), fine motor dexterity, and emotion processing. Factor scores were calculated by taking the mean z-score of the cognitive subtests used in computing each latent factor score. The subtests and the reliability of each score are illustrated in Supporting Information Healthy controls n=17 44 AMOS uses full information maximum likelihood (FIML) to handle missing data.
| Data analysis
We ran four LGCMs for our four outcomes. First, we ran unconditional
LGCMs which only included intercepts and slopes as outcomes, without any covariate. Due to low sample size, we did not include quadratic slope (none of the models with nonlinear slopes converged, due to degree of freedom). Then, we ran four conditional LGCMs for our four outcomes, with BD as the main independent variable, age, gender, and education as covariates, and outcomes as intercept and linear slope. We also included covariance between intercept and linear slope.
In our conditional models, we drew eight paths from BD as well as other covariates (age, gender, and education) to intercept and linear slope. As our focus was on main effect of BD in pooled sample comparison of those with BD and HCs, we could only include covariates that were common between our groups. As a result, this study did not control for clinical variables that are limited to those with BD, such as type of illness, medications, age of onset, or rapid cycling.
We evaluated the fit of our model based on the comparative fit index (CFI; >0.90), the chi-square to degrees of freedom ratio (<4.0), and the root mean squared error of approximation (RMSEA; <0.08). [45] [46] [47] [48] [49] An RMSEA value <0.08 is generally considered a good fit. 45 Low sample size explains our RMSEA of 0.08. 50 In addition, we did not report standardized root mean square residual (SRMR) because of our low sample size. SRMR is considerably biased (positively) for small N and for low df studies. 50 Unstandardized regression coefficients, standard errors (SEs), and P-values were reported for each path.
| RESULTS
| Descriptive statistics
As reported in our prior work, 15 Table 1 illustrates group comparisons for each of the four cognitive performance domains at each of the three time points: baseline, 1 year, and 5 years. The BD group generally underperformed in visual memory and fine motor compared to the HC group across all three time points. Age was consistently negatively associated with visual memory, fine motor, and emotion processing at baseline, year 1, and year 5. Education was only significantly correlated with visual memory at year 1, auditory memory at year 5, and motor at baseline and year 5 (Table 2a) Table S3 ), and number of lifetime mood episodes and auditory memory at year 1 (r=−.32). Depression and mania symptom ratings (Table 2b) were not consistently related to cognitive factor scores, although YMRS at year 1 was negatively associated with visual and auditory memory at year 1 (r=−.22, −.22). In addition, while there were significant correlations between rapid cycling and auditory memory at year 1 (r=−.31) and history of psychosis and visual memory at baseline (r=.23), no consistent patterns were observed.
| Bivariate analysis
| Latent growth curve modeling
The fit of the visual memory model was very good (CFI=0.974, *P < .05; **P < .001. HRDS, Hamilton Rating Scale for Depression; YMRS, Young Mania Rating Scale; Vismem, visual memory factor score; Audmem, auditory memory factor score; Motor, fine motor factor score; Emotion, emotion processing factor score; _0, Baseline; _1, 1 year follow-up; _5, 5 year follow-up; diagnosis, BD vs HC.
T A B L E 2 (Continued)
BD were not associated with baseline or change in auditory memory 
| DISCUSSION
In line with our recently published findings showing poorer executive functioning performance among those with BD compared to controls at baseline and similar linear change in executive functioning, 15 our current findings show the same pattern when assessing memory, emotion processing, and fine motor dexterity skills. There was no difference in the linear decline of these cognitive scores over time between the BD and HC samples, similarly suggesting that the longitudinal course of memory, emotion processing, and fine motor dexterity over 5 years is not dependent on having a BD diagnosis. The rate of change in those with BD was equivalent to that in psychiatrically unaffected individuals.
Further, these results suggest that the cognitive deficits in BD are not age-accelerated, age-compounded, or neurodegenerative, extending earlier work using smaller samples. [9] [10] [11] [12] 51 We found a significant effect of age on visual memory, emotion processing, and fine motor dexterity and a significant effect of education on visual and auditory memory and fine motor dexterity such that those who are older at baseline and with less education perform poorer in these cognitive areas, regardless of having a BD diagnosis or no psychiatric diagnosis. This is expected based on normative aging 52 and protective effects of education.
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Age appears to affect change in performance over time for fine motor dexterity, which is also consistent with literature reporting that To address limitations in our prior work focused on executive functioning trajectories, we now highlighted a broader area of cognition to include fine motor dexterity, emotion processing, and memory, all areas thought to be deficient in BD, and memory in particular is argued to be one area of disease-related progressive change. As this is a particular strength in the present study, especially when combined with our prior work on executive functioning, we did not capture other areas that may be less commonly affected in psychiatric or neurological illness, such as social cognition, visual integration, or language functioning. In line with limitations outlined in our prior work, this study also warrants further investigation to address the generalizability of the results. Our HC group was relatively small (n=17) and it is possible that they are not entire representative of a "no diagnosis" group, especially given their younger age, which may influence the overall findings. Along these lines, our overall sample size is not large enough to increase our significance threshold to account for multiple testing and therefore our findings should only be considered preliminary and in need of replication in higher powered samples. Further, we could not control for medication usage as this continues to be a naturalistic study, and we also include controls in our LGCM who were not on any psychotropic medications to begin with. From a methodological perspective, we continue to have too small a sample size to include quadratic slope in addition to linear slope, so we are not able to comment on nonlinear slopes. In our future work, we plan to examine if specific scar or illness burden factors are related to cognitive trajectories using latent growth curve analysis; such analyses and results are too lengthy to include in the current study and warrant their own focused investigation. This will also allow us to include covariates specific to the BD group in our models.
Specifically, we note in Supporting Information Table S3 that chronicity of mood symptoms, impact of illness based on clinician ratings, age of onset, years with BD illness, and number of lifetime mood episodes were all consistently negatively associated with the cognitive performance scores in the BD sample. We plan to investigate how these variables influence cognitive trajectories within bipolar illness in a deeper investigation into what illness parameters may influence cognitive decline.
Consistent with findings from our longitudinal cohort study that showed individuals with BD do not appear to have neurodegeneration or age-compounding effects upon executive functioning skills, our current findings show that this may be the case in other areas of cognition, including memory, emotion processing, and fine motor dexterity. Individuals with BD show persistent cognitive deficits compared to controls, but with similar age-related declines across 5 years.
We intend to continue to follow this cohort, many of whom are now within their 10th year of follow-up, to determine if BD continues to be more a relapsing-remitting psychiatric illness than a neuroprogressive one. We anticipate that these findings can inform the way in which treatment is managed over time, notably indicating that those with BD may be at risk for cognitive deficits, but are likely not at any great risk for neurodegeneration, at least over a 5-year period.
